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INTRODUCTION 


The HEAD program models the head dome complex burning region of NASA’s 
Advanced Solid Rocket Motor (ASRM) design. In keeping with the generality of the 
CBRM-A program, HEAD has been written as general as possible in the allotted 
time. Also, the software was developed so as to allow a smooth integration into the 
CBRM-A program. This approach allows the head dome to be studied separately or 
as a part of the whole motor. 


2 STAND-ALONE PROGRAM HEAD 

2. 1 Methodology 

The method used for modeling the head dome is similar to that used for the 
transition region of CBRM-A. The desired quantities are the same: the grain surface 
area, the port volume, and the surface area, of the exposed case. Numerical integration 
is used to determine the grain surface area and the change in port volume. The initial 
port volume is calculated to which is added the change in port volume at each bum 
distance step to give the current port volume. 

Notable points of intersection of the various surfaces comprising the head 
dome are calculated (Fig. 1) and the head dome is divided into many small volumes 
bounded by cross-sectional planes with normals parallel to the z-axis (Fig. 2). Within 
each plane of cross-section the length of the curve associated with each head dome 
surface is calculated and these lengths are summed for a total burning-surface curve 
length within the cross-section. These curve lengths are numerically integrated using 
the trapezoidal rule yielding the grain surface area (the exposed-case surface area is 
treated similarly). The resulting grain surface areas are also integrated by the 
trapezoidal rule yielding the change in port volume which is added to the initial port 
volume at each step. 

There is one surface not included in the cross-sections (labelled SURFHD in 
Fig. 1) since the surface normal is parallel to the z-axis. The calculation of the 
contributions to the burning surface area or exposed-case surface area of this 
component is simple and is done directly. 

Generalization in the head dome is much more difficult than in the star and 
cylindrical regions. Simply moving a surface often necessitates creating new surfaces 
to fill gaps (Fig. 3b). This is the case with the ASRM design used during the 
development of the program. The errors introduced by the lack of these gap-filling 
surfaces is usually quite small as can be seen in Fig. 4. 
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2.2 Input 


Input to the HEAD program is a NAMELIST file identical to that of the 
CBRM-A and the combined CBRM-A/HEAD programs. This allows the creation of 
one NAMELIST file to be used with any of the programs avoiding the need for 
multiple input files for a given grain design. HEAD required the addition of several 
variables to the NAMELIST file to describe the geometry of the head dome. These 
variables are shown in Fig. 5. Note that coral and conx2 describe characteristics of 
the star region. This is necessary to match the slope of the star valley floor with the 
head valley floor. 


2.3 Output 

Program HEAD produces a tabulation of the bum distance, the grain surface 
area, the exposed case surface area, and the port volume (see appendix A). The code 
was developed on a Silicon Graphics IRIS 4D graphics workstation. Graphical 
debugging aids were incorporated into the code to provide three-dimensional views of 
the head dome surface as it bums back. A two-dimensional cross-section is also 
displayed at any specified z-position. This visualization allows an analyst to 
recognize inconsistencies in input geometry much more quickly. 


3 CBRM WITH HEAD 

3.1 Description 

Program HEAD has been combined with the CBRM program developed by 
UAH resulting in a simulation of the complex burning region of the entire motor. Two 
subroutines were added, hedset and hedbrn, which calculate surface parameters and 
regress the grain for a given bum distance, respectively. The methodology employed is 
the same as that for the stand-alone program HEAD. Input to the CBRM-A/HEAD 
program is a NAMELIST identical to the CBRM-A program with the added variables 
as shown in Fig. 5. 


3.2 Output 

Subroutine hedbrn interfaces with the program just as the subroutines for the 
other regions of the motor do. Currently, the iosubs routines have been modified along 
with the output section of the main program in order to provide tabulated output of the 
grain surface area similar to the output of the other routines. A sample cf the output is 
provided in appendix C. 
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Cross-section through motor in the head region 
showing only half of a peak and valley. 


Fig. 4 
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APPENDIX A 


NAMELIST Input 



** BEGIN PROGRAM CBRM ** 

CBRM INPUT DATA FOLLOWS . . . 

$ IB2DAT 

AINCIN = 44.07500000000000 


83.94500000000000 


186.3550000000000 
361.3970000000000 
368.2370000000000 
478.9650000000000 
566.6900000000000 
687.3870000000000 
769.0750000000000 
842.2470000000000 
877.2950000000000 
1007.597000000000 
1297.282000000000 
15*0 . 000000000000000 0E+00, 

RI = 3*17.00000000000000 


205.8850000000000 

362.2450000000000 

394.0750000000000 

525.1970000000000 

681.3970000000000 

688.2370000000000 

832.7970000000000 

847.3870000000000 

959.8460000000000 

1101.867000000000 

1327.582000000000 


294.0750000000000 
367.3890000000000 

444.0750000000000 
527.4200000000000 
682.2470000000000 

694.0750000000000 
841.3970000000000 
848.2370000000000 
1005.357000000000 
1194.075000000000 
1333.702000000000 


28.00000000000000 


28.78700000000000 

29.41000000000000 

30.06100000000000 

2*28.40000000000000 

29.19610000000000 

29.73660000000000 

30.22080000000000 

30.45200000000000 

2*30.70000000000000 

42.60000000000000 


29.35900000000000 

29.41700000000000 

30.36000000000000 

29.15650000000000 

29.20170000000000 

30.15820000000000 

30.25480000000000 

30.99890000000000 

35.56130000000000 

45.62700000000000 


29.36600000000000 

29.63600000000000 

30.75000000000000 

29.16210000000000 , 

29.24000000000000 

30.21510000000000 

30.26040000000000 

31.30000000000000 

41.00250000000000 

i5*o.ooooooooooooooooe+oo, 


RVF 


= 63.45000000000000 


64.80000000000000 


65.35000000000000 

29.35900000000000 

29.41700000000000 

30.36000000000000 

29.15650000000000 

29.20170000000000 

30.15820000000000 

30.25480000000000 

30.99890000000000 

35.56130000000000 

45.62700000000000 


.62.51000000000000 

29.36600000000000 

29.63600000000000 

55.00000000000000 

29.16210000000000 

29.24000000000000 

30.21510000000000 

30.26040000000000 

55.00000000000000 

41.00250000000000 


28.78700000000000 

29.40950000000000 

30.06100000000000 

2*28.40000000000000 

29.19610000000000 

29.73660000000000 

30.22080000000000 

30.45270000000000 

2*30.70000000000000 

42.60000000000000 


15*0 . 0000000000000000E+00, 


RF 


= 71.85400000000000 


74 

4*74.37500000000000 

2*74.37500000000000 

74.37100000000000 

74.36600000000000 

68.00000000000000 

73.72800000000000 

72.19100000000000 


73.70000000000000 
2*74.31700000000000 
70.50000000000000 
4*74.37500000000000 
74.30800000000000 
74.31700000000000 
74.12000000000000 
72.67400000000000 
DELTXF = 20.99200000000000 , 

3*0 . OOOOOOOOOOOOOOOOE+OO, 

DELTYF = 5.160000000000000 , 

3*0 . OOOOOOOOOOOOOOOOE+OO, 

TIF = 2*0.3000000000000000 

DELTXA = 6.555000000000000 

3*0 . OOOOOOOOOOOOOOOOE+OO, 

DELTYA = 3.875000000000000 , 

3*0 . OOOOOOOOOOOOOOOOE+OO, 

TIA = 5*0. OOOOOOOOOOOOOOOOE+OO, 


, 73.15000000000000 

30000000000000 , 2*74.37500000000000 


68.00000000000000 
2*74.31700000000000 
74.31300000000000 
74.35000000000000 
70.12000000000000 
73.29500000000000 
15*0. OOOOOOOOOOOOOOOOE+OO, 


20.33300000000000 


5.161000000000000 


3*0 OOOOnnoOOOOOOOQOF+nO, 
7.019000000000000 

4.000000000000000 


A-l 


ZAFT = 1333.702000000000 , 1336.458000000000 

1343.582000000000 , 1357.582000000000 , 1375.837000000000 

15*0. OOOOOOOOOOOOOOOOE+OO, 

AFTRI = 45.62700000000000 , 47.21810000000000 

51.30000000000000 , 51.65000000000000 , 52.70000000000000 

15*0. OOOOOOOOOOOOOOOOE+OO, 

CIRAD = 20*0.0000000000000000E+00, 

ZCORD = 1333.702000000000 , 1334.468000000000 

1336.053000000000 , 1336.458000000000 , 1341.731000000000 

1349.881000000000 , 1353.867000000000 , 1356.366000000000 

1359.543000000000 , 1362.824000000000 , 1364.824000000000 

1369.664000000000 , 1373.511000000000 , 1374.539000000000 

1375.656000000000 , 1375.762000000000 , 1375.837000000000 

33*0 . 000000000000000 0E+00, 

XCORD ■ 72.19100000000000 , 72.10300000000000 


71.66800000000000 

67.37400000000000 

63.35600000000000 

56.17600000000000 

53.14900000000000 


71.78300000000000 

68.40200000000000 

65.14000000000000 , 

58.77900000000000 

53.77900000000000 
33*0 . 000000000000000 0E+00, 

NS TARS = 11, 

NRF = 3, 

KPLANE = 35, 

RTOPTA = 3.000000000000000 , 

RTOPTF = 2.073370000000000 , 

YHIA = 3.000000000000000 

YLOA = 1.875000000000000 

XHIA = 27.00000000000000 , 

XLOA = 29.00000000000000 

XHIF = 28.64700000000000 , 

XLOF = 29.00000000000000 

WIDCO = 6.000000000000000 , 

RBOTTP = 1.620000000000000 , 

R3 = 4.000000000000000 

FR = 1.620000000000000 

DELZ = 20.00000000000000 

IISLOT = 13, 29, 3*0, 

IDPNOZ = 2, 

NO ID PS = 5, 

NOCASE = 17, 

NOCASA = 4, 

TMAX = 100.0000000000000 , 

DTAU = 0.5000000000000000 , 

NDUMP = 100, 

NDUMPE = 0, 

RANGLO = 0 . OOOOOOOOOOOOOOOOE+OO, 

RANGHI = 0 .OOOOOOOOOOOOOOOOE+OO, 

TSTART = 0. OOOOOOOOOOOOOOOOE+OO, 

RTO = 0. OOOOOOOOOOOOOOOOE+OO, 

ZTO = 201.3850000000000 

CONX1 = 63.45000000000000 , 

CONX2 = 64 80000000000000 , 


70.24400000000000 

66.52900000000000 

62.16000000000000 

55.00900000000000 

52.70000000000000 


CONX3 

CONZ3 

CONZ4 

HDBFX 

HDBFZ 


17.00000000000000 
11.50000000000000 

3.000000000000000 
15.28000000000000 
66.45400000000000 


A- 2 


HDBFR = 55.00000000000000 
HDSFR = 20.00000000000000 
$END 


A-3 



APPENDIX B 


Program HEAD Output 


BURN DIST 

GRAIN surface:;. 

EXPOSED case: surf 

PORT VOLUME 

0.000 

28692. 50r 


.0.-000 i v, 

921 18.980 

0.500 

28797.976 


0.000 

1 06491 .610 

1 .000 

28924.962 


0.000 

120922.345 

1 .500 

29071 .487 


0.000 

1 35421 .457 

2.000 

29229.266 


0.000 

149996 .645 

2.500 

29396.840 

~&-.v 

0.000 

164653.171 

3.000 

29577.939 

■ „ 

0.000 

179396.866 

3.500 

29772.194 


0.000 

194234.399 

4.000 

29875.438 


0.000 

209146.307 

4.500 

29443.561 


0.000 

223976.057 

5.000 

29017.832 


0.000 

238591 .405 

5.500 

28589.040 


0.000 

252993.123 

6.000 

28158.861 


0.000 

267180.098 

6 .500 

27745.807 


0.000 

281 156 .265 

7.000 

27388.082 


0.000 

294939.737 

7.500 

24287.677 


3048.253 

307858.677 

8.000 

22250.514 


4699 .516 

319493.225 

8.500 

20582.933 


5881 .922 

330201 .586 < 

9.000 

19032.790 


6877.798 

340105.517 f 

9.500 

17557.191 


7769.594 

349253.013 

1 0.000 

16153.371 


8590.540 

357680.653 ; 

1 0 .500 

14801 .753 


9281 .770 

365419.434 

1 1 .000 

13490.238 


9175.141 

372492.432 •' 

1 1 .500 

12214.030 


9018.089 

378918.499 • 

12.000 

1 0979 .363 


9579.828 

384716 .847 , 

12.500 

9782.938 


10117.251 

389907.422 

13.000 

8625.797 


1 0632.948 

394509.606 

13.500 

7509.445 


1 1 128.960 

398543.416 

14.000 

6434.027 


1 1 606.618 

402029.284 

14.500 

5398.363 


12067.132 

404987.382 . i 

15.000 

4421 .665 


1251 1 .601 

407442.389 

15.500 

3512.572 


12940.716 

409425.948 

1 6.000 

2741 .543 


13340.799 

41 0989 .477 

1 6 .500 

21 62.800 


13691 .112 

412215.562 

17.000 

1598.228 


14008.414 

413155.819 

17.500 

1 077.018 


14294.379 

413824.631 

18.000 

636.045 


14548.371 

414252.897 

18.500 

273.956 


14769.307 

414480.397 

19.000 

28.409 


14 955.374 

414555.988 

19.500 

0.000 


151 03.137 

414563.090 

20.000 

0.000 


15164.956 

414563.090 ; 

20.500 

0.000 


15164.956 

.414563.090 

21 .000 

0.000 


151 64.956 

.414563.090 ! 
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APPENDIX C 
CBRM/HEAD Output 
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C-13 



FUEL SURFACE AREA BETWEEN BOTH TANGENT PLANES SQUARE INCHES 

OOOOOOOOE+OO 407571.39 17.000000 379651.78 34.000000 404310.60 
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TOTAL BURN AREA CYLINDRICAL+AFT SECTIONS SQUARE INCHES 

OOOOOOOOE+OO 421564.54 17.000000 388002.59 34.000000 404310.60 
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FUEL SURFACE AREA STAR REGION SQUARE INCHES 

OOOOOOOOE+OO 160926.52 17.000000 24078.521 34.000000 . OOOOOOOOE+OO 
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FOEL SURFACE AREA TRANSITION REGION SQUARE INCHES 

OOOOOOOOE+OO 13321.003 17.000000 9461.8101 34.000000 2350.6101 


' » ♦ • 


























O 

o 

o 

o 

o 

o 

o 

o 

o 

























O 

o 

o 

o 

o 

o 

o 

o 

o 

























+ 

H- 

+ 

+ 

4- 

H- 

+ 

+ 

H- 

























W 

w 

w 

w 

w 

w 

w 

w 

w 

OS 

t- 

m 

in 

CM 


VO 

Os 

GO 

CM 

CM 


rH 

in 

in 

cn 

CM 

o 



CM 

cn 

cn 


o 

o 

o 

o 

o 

o 

o 

o 

o 

cn 

os 

Os 

m 

OS 

OS 

CO 


CM 



o 

OS 

CO 

m 

cn 

P- 

os 

VO 

VO 

Os 

VO 

CO 

VO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

GO 

rH 

m 

o 

CO 


CM 

cn 

cn 

rH 

o 

e- 

O 

rH 

rH 

00 

CM 

CM 

CM 

in 

cn 

VO 

rH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

VO 

GO 

CM 

os 

GO 

CM 

r- 

CO 

OS 


VO 

o 

OS 

c- 

CM 

OS 

00 

rH 

VO 

CO 


VO 

OS 

OS 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 



• 


CM 

. 

t* 

r- 

CM 

CM 

o 

CO 

rH 

Tp 

o 

r- 

rH 

VO 

rH 

rH 

CM 


r- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

VO 

H 

cn 

r- 


o 







• 

• 

> 

• 



• 



• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

CM 

VO 

in 

VO 

in 

m 

tp 

OS 

CO 

r- 

CO 

P- 

O 

CO 

GO 

OS 

GO 

VO 

in 

cn 

o 

GO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

cn 

CO 

VO 

m 

CM 

r- 

VO 

VO 


CO 

cn 

CM 

CO 

CM 

CM 

rH 

in 


cn 

*p 

CO 

CM 

rH 

VO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

CM 

CM 

rH 

rH 

GO 

rH 

m 

tp 

V 







CO 

CO 

cn 

CO 

cn 

cn 

cn 

rH 

• 

* 

* 

* 

• 



• 

* 


o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

+ 

Ed 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

m 

o 

m 

o 

m 

o 

in 

o 

m 

o 

m 

o 

tn 

o 

in 

o 

m 

o 

m 

o 

in 

o 

in 

o 

m 

o 

in 

o 

m 

o 

in 

o 

o 

o 


m 

m 

VO 

VO 

r- 

r- 

GO 

GO 

OS 

os 

o 

o 

rH 

rH 

CM 

CM 

CO 

CO 

n* 

*p 

m 

in 

VO 

vo 

r- 

r- 

GO 

00 

OS 

OS 

o 

o 

cn 

cn 

cn 

CO 

cn 

cn 

CO 

cn 

CO 

CO 

cn 



Tp 






n* 


n* 




tp 

tp 


*p 



in 



Os 

VO 

GO 

*P 

GO 

o 

r- 

vo 

o 

in 

rH 

o 

rH 

00 

o 

vo 

GO 

00 

in 

GO 

e- 

o 

cn 

p- 

in 

m 

cn 

VO 

r- 

rH 

r- 

o 

OS 

m 

m 

CM 

in 

CM 

00 

H 

rH 

o 

Os 

00 

H 

CM 

vo 

o 

rH 

O 

r- 

vo 

rH 

r- 

cn 

*p 

vo 

r- 

CM 

o 

vo 

o 


*P 

OS 

CM 

rH 

r- 

OS 

OS 

VO 

vo 

cn 

VO 

in 

CO 

VO 

cn 

Os 

o 

00 

in 

TP 

m 

m 

r- 

os 

CM 

GO 

CM 

o 

vo 

VO 

o 

00 

Os 

^p 

o 

cn 

GO 

vo 

CM 

CM 

O 


VO 

cn 

OS 

CM 

rH 

os 

rH 

vo 

o 

GO 

rH 

cn 

cn 

os 

CM 

00 

VO 

rH 

m 

OS 

cn 

in 

m 


rH 


o 

in 

OS 

CM 

P» 

o 

os’ 

CM 

00 

rH 

GO 

OS 

m 

CM 

in 

Os 

m 

VO 

rH 

rH 

cn 

O 

o 

vo 

P- 

os 

o 

o 

CM 

GO 


VO 

OS 

cn 

OS 

OS 

V 

VO 

o 

cn 

e- 

o 

CM 

n* 

OS 

m 

in 

cn 


OS 

cn 

m 

cn 

GO 

VO 

cn 

rH 

00 


o 

o 

o 

GO 

GO 

cn 

in 

VO 

o 

m 

O 

m 

CM 

GO 

cn 


O 

p* 


CM 

o 

00 

vo 


cn 

rH 

o 

GO 

e'- 

vo 

in 

cn 

CM 

rH 

o 

os 

r- 

VO 

m 


cn 

os 

GO 

GO 

r- 

r- 

VO 

VO 

vo 

VO 

m 

in 

in 

in 





n* 

n* 

cn 

en 

cn 

cn 

cn 

<n 

cn 

cn 

CM 

CM 

CM 

CM 

CM 

CM 


O 

O 

O 

O 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

O 

o 

O 

O 

o 

O 

O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

o 

in 

o 

m 

o 

m 

o 

in 

o 

in 

o 

in 

o 

in 

o 

m 

o 

m 

o 

tn 

o 

m 

o 

in 

o 

m 

o 

m 

o 

in 

o 

m 

p* 

00 

00 

OS 

OS 

o 

o 

rH 

rH 

CM 

CM 

cn 

cn 

TP 

tp 

in 

in 

VO 

vo 

r- 

r- 

GO 

00 

OS 

Os 

o 

o 

rH 

rH 

CM 

CM 

cn 

cn 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 


CM 

m 

O 

m 

in 

VO 

P- 

cn 

GO 

O 


XP 

m 


CM 

CM 

cn 

m 

OS 


VO 

cn 

cn 

f- 

rH 

n* 

cn 

CM 

VO 

r- 

rH 

O 

in 

r» 

VO 

in 

o 

o 

rH 

cn 

r- 

OS 

rH 


GO 

O 

o 

CM 

O 

cn 

rH 

CM 

O 

vo 

OS 

p- 

m 

r- 

00 

cn 

VO 

cn 

OS 

rH 

VO 

cn 

rH 

T* 

m 

CM 

vo 

OS 


o 

CM 

cn 

r* 

O 

vo 

rH 

O 

in 

CO 

r- 

XP 

cn 

GO 

VO 

o 

OS 

in 

in 

m 

OS 

r- 

r- 

OS 

vo 

o 

cn 

CO 


vo 

r- 

rH 

GO 

CM 

", 

CM 

rH 

OS 

rH 

VO 

rH 

OS 

m 


in 

00 

rH 

CM 


GO 

o 

00 

r- 

vo 

VO 

os 

o 

cn 

CM 

OS 

m 

rH 

rH 

GO 

m 

O 

o 

OS 

rH 

rH 

P- 

m 

O 

CM 

GO 

vo 

cn 

VO 

CM 



OS 

rH 

CM 

Os 

OS 

rH 

OS 

rH 

TP 

CM 

vo 

in 

GO 

rH 

cn 

in 

GO 

rH 

cn 

CM 

CM 

CM 

rH 

o 

O 

OS 

GO 

in 

CM 

OS 

e'- 

in 

cn 

OS 

r- 

in 

CM 

GO 

VO 

CM 

O 

VO 

cn 

TP 

cn 

cn 



TP 

tp 

m 

in 

m 

m 

in 

in 

m 

in 





cn 

en 

cn 

cn 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

o 

o 

OS 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

OS 


ooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 
oooooo ">00000000000000000000000000 
ooooo ... ooooooooooooooinomoinoinoinoinom 

oomoinomoinoinoinoinoinoin 

in ooHHNNtnn^vinin^w 




C-18 



FUEL SURFACE AREA SLOT REGION NUMBER ONE SQUARE INCBES 
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FUEL SURFACE AREA— 1ST SEGMENT CP REGION- -SQUARE INCHES 
00000000E+00 51430.494 17.000000 78237.528 34.000000 102704.70 
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FUEL SURFACE AREA — 2ND SEGMENT CP REGION — SQUARE INCHES 
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FUEL SURFACE AREA- -SLOT REGION NUMBER TWO- -SQUARE INCHES 
OOOOOOOOE+OO 13957.780 17.000000 15996.114 34.000000 6512.9831 
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COLUMN #6 ON THE PLOT FILE V16+V17 

00000000E+00 95705.253 17.000000 144686.40 34.000000 182146.09 
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